Having a clear project definition is crucial for successful construction projects. It affects 
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Background
Project definition occurs at the first stage of a construction project. This involves the determination of what the owner needs and wants, translation of these needs and wants into design criteria, and generation of a design concept (Ballard and Zabelle, 2000) . Project definition provides strategic information for owners to address project risks, maximize the chance of project success, and develop project implementation solutions (Construction Industry Institute, 1995) . On the other hand, lack of clarity of project goals, scope and expected outcome is a common source of problems in construction work (Fageha and Aibinu, 2013) and significantly increases the risk of an unsatisfactory outcome for the owner (Quatman and Dhar, 2003; Yu et al., 2006; Wang and Ko, 2012) .
Thus, a clear project definition is widely believed to be a key factor for project success (e.g.
Songer and Molenaar, 1997; Känkönen, 1999; Christamara et al., 2001; Chan et al. 2001; Cho et al., 2009; Cano and Lidon, 2011) . Developing clearly articulated project objectives, requirements and scope in the brief is considered to be the most important competency of owners (Xia and Chan, 2010; Xia et al., 2012a Xia et al., , 2013 , and to be treated as a fundamental aspect of project management (Atkinson et al., 2006) . This is particularly important for integrated projects, where owners are urged to have a precise understanding of the project scope and clearly articulated end-user needs before communicating them to the contractor (Chan et al. 2001 , Xia et al., 2012b , 2012c .
However, in spite of the widely agreed importance of having a clear project definition, few studies have examined this quantitatively. In particular, although a number of sources mention that poor scope definition has a negative impact on project performance (e.g. Song and AbouRizk, 2005; Fageha and Aibinu, 2013) , there is no solid evidence to establish a causal relationship between project scope and project performance. Therefore, the aim of this study is to investigate the quantitative impact of project definition on project performance and to construct the causal relationships between the main factors involved.
The paper is organized as follows. First a conceptual framework is developed, from which a set of hypotheses is proposed. Then a structural equation model (SEM) is built from an existing set of data from Masrom (2012) of a questionnaire survey of 120 Malaysian construction contractors. This reveals the underlying interrelationships between project scope 6 | Page For the observed variables of project definition (Q1-Q3), design quality (Q4-Q6), and project communication (Q7-Q9), the respondents were required to recall a most recently completed construction project where they involved and rate the level of these variables/attributes based on a 5 Likert rating scale from 1=very low to 5= very high and 0="Don't know". A typical question is "Based on experience from your previous project, at what level would you rate the following attributes?" For the variables of project performance (Q10-Q12), given that it is difficult to obtain the real project performance data, the respondents were required to rate the project performance level based on their satisfaction levels from 1=extremely dissatisfied to 5=extremely satisfied and 0= "Don't know". The typical question is "Based on the following criteria, please indicate your overall satisfaction level toward that project". Table <1> here
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Results
Sample descriptions
Of the 120 respondents, majority have more than 5 years working experience in the industry and 44.2% respondents hold top management positions in their organizations. The dominant project procurement type is traditional design-bid-build (DBB) and around half of respondents are from large companies ( Table 2 ). To examine whether it is necessary to do multiple group analyses in SEM, principal component analysis (PCA) and analysis of variance (ANOVA) were used. In detail, PCA was applied to extract PD, DQ, PC, PP in Q1-3, Q4-6, Q7-9 and Q10-12 respectively. Only one principal component was qualified to be extracted in these tests and the suitability was confirmed with Kaiser-Mayer-Olkin (KMO) values higher than 0.5 (Hair 2006) and a highly significant p<0.0001 for Bartlett's test for sphericity. As values of the four extracted components are not significantly influenced by project size and procurement methods (p>0.05) as shown in Table 3 , it is acceptable to analyze the sample as a whole across different project sizes and procurement methods.
Therefore, the sample size is sufficient for SEM (Bagozzi and Yi, 2012) and the bootstrap technique was also used to help in improving the reliability of the results (Keline, 2005; Cheung and Chow, 2011; Chen & Fong, 2012) . Table <3> here
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Normality and reliability assessments
It is first necessary to assess the suitability of the data for SEM. Here, we use normality and reliability tests to do this, as severe departures from normality can lead to problems such as inflated model fit statistics (MacCallum et al., 1992) Table 4 , the items measured in four variables and the overall construct satisfy the consistency criterion.
Asymptotically distribution-free estimation methods in SEM are available for situations where major departures from multivariate normality occur, but the most common estimation method, maximum likelihood (ML), is known for its robustness in the face of moderate violation of normality (Shah & Goldstein, 2006) and having more informative model fit statistics and is therefore chosen for the analysis.
Findings and discussion
Path hypothesis 1 (project definition has a positive direct effect on project performance) is supported at β=0.378 (p<0.001). Many studies have illustrated a correlation between clear project definition and project performance (e.g. Songer and Molenaar, 1997; Känkönen, 1999; Chan et al. 2001; Cho et al., 2009; Cano and Lidon, 2011; Fageha and Aibinu, 2013) .
The finding of path hypothesis 1 not only aligns with intuition in that a clear project definition is key to project success and an increased effort in project definition leads to improved project performance in terms of cost, schedule and operational characteristics (Griffith et al., 1999; Hanna and Skiffington, 2010; Yang et al., 2012) , but also proves a causal relationship between project scope and project performance with empirical evidence.
Therefore, project owners need to clearly define the project before leave the project to contractors. Especially in design-build projects, as project owners hand over the project to design-builder at early project stage, normally after schematic design, it is suggested that project owners provide detailed performance and technical specifications in request for proposals. For those without sufficient internal design resources, service from external consultant should be employed to ensure a clear project definition.
Path hypothesis 2 (project definition has a positive direct effect on design quality) is also supported with β=0.573 (p<0.001). According to Cho and Gibson (2001) , a weak project definition leads to poor design quality. Gibson and Gebken (2003) 
